ABSTRACT. Avian liver is structurally different from that of mammal. There are only a few reports about the ultrastructure of the hepatic vessels and bile duct in birds. Casts of the hepatic vessels and bile ducts in chicken and duck were examined by a scanning electron microscope (SEM) to provide further detail. The sinusoidal vessels formed regular three-dimensional networks but the replicated bile ducts formed irregular ones. There was a dense plexiform network around each tubular cavity in biliary casts. This biliary plexus formed around a small branch of the portal vein. It was the transition between the bile capillaries and ductules. The present study shows that the liver of chicken and duck had the characteristic structure at the peripheral part of biliary system, i.e., biliary plexus.
The mammalian liver is made up of hepatic laminae that are one cell thick and arranged radially from the central veins [3] [4] [5] . The bile capillaries are formed between two cells and run along the midline between opposing cell surfaces to enclose individual cells [4, 5, 9, 17] . Thus, they form a chicken wire mesh composed of an interconnecting hexagonal or pentagonal framework [4, 11, 18] . The sinusoidal vessels radiate from the central veins in rat [7, 19] and rabbit liver [13] . There are few reports about the fine structure of avian hepatic blood vessels and bile ducts. Histological observations of the liver in some birds (chicken, duck, coot, and ostrich) have revealed that the parenchyma is made up of anastomosing hepatic laminae, which are two cells thick [8, 15, 16] . Subsequent examination of duck liver by SEM reveals that the hepatocytes are arranged in the form of a three-dimensional meshwork of anastomosing cords, which interlock with a similar mesh of sinusoidal vessels [1] . Each cord consists of 4-6 cells arranged around a central biliary capillary [1] . In duck, the biliary capillary is formed as an extracellular space at the center of a hepatocyte cord; side branches of the capillary run between adjacent hepatocytes to drain into the central capillaries [1, 15] . However, the highly developed passeriformes consistently exhibit hepatic cell plates that are one cell thick; some of the more primitive birds have cell plates that are both one and two cells thick [8] . This seems to mean there are also differences in the structure of the liver among birds.
As stated above, the structure of the liver is different between mammals and birds. It is thought that hepatic vessels and bile ducts also have different courses between them. Chicken and duck are universal but the ultrastructure of their hepatic vessels and bile ducts have not yet been studied. In the present study, casts of the hepatic vessels and bile ducts in chicken and duck were examined by SEM to provide further detail.
All procedures were done in accordance with guidance from the Committee for Animal Experimentation of Miyazaki University. Chunky strain male chickens, 1-4 months old, and male ducks, about 1 year old, were used. Each bird was anesthetized by intravenous injection of pentobarbital sodium (Kyoritsu, Co. Ltd., Tokyo). They were sacrificed by drawing blood from the common carotid artery. Six chickens and six ducks were used in this study. After the abdomen of each bird was opened, a polyethylene tube was inserted into the descending aorta to flush the vessels with saline solution. Each liver was removed and cannulated: two chicken livers and one duck liver were cannulated from the right hepatic artery via the celiac artery; one chicken liver and two duck livers from the hepatoenteric duct; and three chicken livers and three duck livers from the right hepatic artery and the hepatoenteric duct. The casting medium (Mercox CL-2B-5; Dainippon Ink and Chemicals Incorporated, Tokyo) which was diluted to about 40% (vol/ vol) with monomeric methyl methacrylate was injected into the cannulated vessels or ducts. After complete polymerization of the injected resin in hot water, each liver was immersed in 1-5% (w/w) NaOH solution for 1 day at 50C and then gently washed with running water. The washed specimen was immersed in chlorine bleach diluted to 30-50% (vol/vol) with water for 1 day at room temperature. The corrosion caused by the bleach and NaOH solution was repeated a few times for tissue digestion. After being embedded in ice, the casts were cut with saw or blade. Samples of the casts were dried, coated with gold by using an ion spatter (E1030; Hitachi, Co., Ltd., Tokyo). They examined by the scanning electron microscope (JSM-6390; JEOL, Co., Ltd., Tokyo) with an accelerating voltage of 5 kV.
The hepatic vascular and biliary casts of chicken and duck were hardly different. The sinusoidal vessels or bile capillaries made up a large share of the casts in both avian livers. The sinusoidal vessels were a three-dimensional meshwork of anastomosing capillaries (Fig. 1A) . They formed a uniform regular mesh with similar circular frames. The spaces surrounded by the replicated sinusoidal vessels had an average diameter of 21.1 m (25 spaces) in chicken, 20.3 m (47 spaces) in duck. All sinusoidal vessels had a straight course for less than about 30 m before branching.
The sinusoidal vessels came from branches of the portal veins (Fig. 1B) , the terminal hepatic arteries (Fig. 1B) , peribiliary plexus (PBP) and periportal plexus (PPP). They ran into the branches of the hepatic veins (Fig. 1A) . The PBP and PPP were networks of anastomosing capillaries around the portal vein and bile duct. They formed a relatively rectilinear pattern along the portal vein and were distinct from the sinusoidal vessels (Fig. 1C) . The PBP and PPP branched from the hepatic arteries and connected with the sinusoids (Figs. 1C, D) . In the small portal canal, it was impossible to discern the PPP from the PBP (Fig. 1D) . They progressively diminished to form a single arteriole (Fig.  1B) . The bile capillaries frequently branched and anastomosed to form an irregular meshwork without a specific boundary (Figs. 2A, B ). There were dense plexiform networks in casts of the bile ducts and each network surrounded a tubular cavity with a diameter of less than 100 m (Fig.   2C ). This biliary plexus led from some bile capillaries around it (Figs. 2C, D) and ran into a bile ductule (Fig. 2D) .
The sinusoidal and bile capillary meshwork in avian liver have a different form from that in mammal [4, 7, 11, 13, 19] . This difference is considered caused by the difference between the hepatocyte arrangements. In chicken and duck liver, the hepatocyte cords frequently branch and anastomose to form a complex meshwork [1, 8] . The sinusoidal vessels run vertically around each hepatocyte cord [8, 15] . However, it has also been reported that a very short network of sinusoidal vessels separates the terminal branches of the portal and hepatic venous systems in both mammalian and avian liver. The digitations of these terminal branches give rise to a repeating pattern of structural units, the hepatic lobules [8] .
The PBP and PPP in chicken and duck liver had a form similar to the form found in previous studies of mammalian liver [6, 7, 10, 13, 14, 18, 19] except for the prelobular branch, which connects the PBP to branches of the portal vein. In addition, the internal root, which drains the PBP into a branch of the portal vein, the translobular vein, which connects the PBP to a tributary of the hepatic vein, and the long peribiliary vein, which is the longitudinal vein of the PBP, are reported in the penguin liver [2] . However, these were not observed in chicken or duck. There could be variation of capillary termination even among avian species. While the characteristic biliary plexus was often observed in chicken and duck liver, it is also reported in rat liver. The bile ductules anastomose with each other, forming a plexiform network around the portal vein branch or at the periphery of the portal canal in rat liver without a gallbladder [11, 18] . This periportal biliary plexus is thought to contribute to a function as a reservoir for bile and is poorly developed in livers with gallbladders such as in humans [11] . The biliary plexus in chicken and duck seem to be the transition between the bile capillaries and ductules to surround a small branch of the portal vein (Fig. 3) . It would consist of the bile capillaries, canaliculo-ductular junction, and bile ductules. The canaliculo-ductular junction is between the terminal of the bile capillary and ductile. It is lined with both hepatocytes and epithelial cells [12] . Because chicken and duck have gallbladders, their biliary plexus might have an important function to exchange materials with a small branch of the portal vein through the thin venous wall. Further study is needed to establish the function of the biliary plexus in avian liver.
In conclusion, the present study revealed that the sinusoidal vessels in the livers of the chicken and duck were a three dimensional meshwork of anastomosing capillaries and the bile capillaries formed an irregular meshwork to surround a small branch of the portal vein. 
